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(57) Abstract: The invention relates to a method for processing a continuously cast metal slab or strip, in which the slab or strip is 
passed between a set of rotating rolls of a rolling mill stand in order to roll the slab or strip. According to the invention, the rolls of the 

^ rolling mill stand have different peripheral velocities, and the difference in peripheral velocity is at least 5% and at most 100%. and 
the thickness of the slab or strip is reduced by at most 15% for each pass. The invention also relates to metal plate or strip produced 

>^ using this method. 
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METHOD FOR PROCESSING A CONTINUOUSLY CAST METAL SLAB OR 
STRIP, AND PLATE OR STRIP PRODUCED IN THIS WAY 

The invention relates to a method for processing a 
5 continuously cast slab or strip, in which the slab or strip 
is passed between a set of rotating rolls of a rolling mill 
.stand in order to roll the slab or strip. 

Rolling is a very standard processing operation for 
10 imparting desired dimensions and properties to metals. For 
example, rolling results in an improvement to the. 
microstructure as a result of grain refinement taking place 
under the influence of the rolling. 

15 If thin plate or strip is to be produced from a thick slab 
of/ for example, 30 cm or more, the production of thin 
plate or strip is a very laborious process, since rolling 
has to be repeated a very large number of times. Therefore, 
other casting techniques have been developed in order to 

20 obtain a thin slab or a strip directly. In order still to 
produce sufficient material, these processes are carried 
out continuously. 

For the continuous casting of aluminum, in principle three 
25 methods can be distinguished which are currently in use. 
The first method uses one cooled roll on which a thin layer 
of molten alxaminum is cooled until it solidifies. The strip 
obtained in this way has a thickness of approximately 1 ram. 
For technical reasons, this thickness cannot be much 
30 greater. The second method uses two cooled rolls between 
which molten aluminxim is passed in order to solidify into a 
strip. The improved cooling means that this method usually 
produce a thickness of between 6 and 10 mm; the minimum 
thickness which can currently be achieved is approximately 
35 1 mm. Depending, inter alia, on the thickness, the strip 
which is formed will be cut into slabs or coiled. In the 
third method, the molten aluminum is guided onto a conveyer 
belt, on which it solidifies, or passed between two 
conveyer belts in order to solidify. On account of the 
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longer solidification path, more heat can be dissipated and 
it is possible to produce a thicker solidified strip. The 
thickness is usually approximately 20 mm- The thick strip 
formed in this way can then be cut in slabs or coiled. In 
5 all three methods, it is also possible for the strip to be 
rolled in one or more rolling mill stands immediately after 
the continuous casting and then to be coiled. 

The above three methods or also other methods can be used 
10 for the continuous casting of other metals, and if 
appropriate it is also possible to produce a thicker strip. 

These methods and methods derived from them are in the 
present context jointly referred to as ''continuous 
15 casting", and the product obtained thereby is referred to 
as "continuously cast slab or strip" - 

One drawback of these products is that the end product 
still largely has the cast microstructure, since the slabs 
20 and the strip have scarcely been rolled. Consequently, the 
mechanical properties of the end products are relatively 
poor, and consequently the use of the end products is 
relatively limited, for example as a foil and a starting 
material for fins of heat exchangers and the like. 

25 

It is an object of the invention to provide a method for 
processing a continuously cast metal slab or strip which 
allows the properties of the product produced thereby to be 
improved- 

30 

It is another object of the invention to provide a method 
for processing a continuously cast metal slab or strip with 
which it is possible to close up pores in the cast 
material . 

35 

Yet another object of the invention is to provide a method 
for processing a continuously cast metal slab or strip 
which results in grain refinement in the product which is 
thereby produced. 
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Yet another object of the invention is to provide a method 
for processing continuously cast metal by means of which 
the surface of the slab or strip is improved. 

5 

It is also an object of the invention to provide a metal 
plate or strip with improved mechanical properties which is 
preferably produced with the aid of this method. 

10 According to a first aspect of the invention, one or more 
of these objects are achieved by a method for processing a 
continuously cast slab or strip, in which the slab or strip 
is passed between a set of rotating rolls of a rolling mill 
stand in order to roll the slab or strip, in which method 

15 the rolls of the rolling mill stand have different 
peripheral velocities, and the difference in peripheral 
velocity is at least 5% and at most 100%, and in which 
method the thickness of the slab or strip is reduced by at 
most 15% for each pass. 

20 

As a result of the rolls being provided with a different 
peripheral velocity, shearing occurs in the slab or strip 
and has been found to occur throughout the entire thickness 
of the slab or strip. It has been found that this requires 

25 a velocity difference of at least 5%. The shearing leads to 
pores in the continuously cast material being closed up to 
a considerable extent. This does not require a major change 
in thickness, but rather a change in thickness of at most 
15% can suffice. This is advantageous in a continuously 

30 cast metal slab or strip, which in many cases is cast with 
a low thickness, because the thickness is then 
substantially retained. 

In addition, it is important that the rolling according to 
35 the invention can result in a grain refinement which occurs 
throughout the entire thickness of the rolled material, 
which is advantageous for the mechanical properties of the 
slab or strip. Inter alia, the strength of the material 
increases . 
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The shearing also breaks up the eutectic particles, which 
results in an improved toughness. 

In addition, it is expected that the material will have an 
improved fatigue crack growth rate, since the grains will 
have a more or less knurled shape as a result of the 
shearing. This results in an improved toughness and a 
reduced susceptibility to damage. 

It is also expected that the processing according to the 
invention will result in a rolled sheet with less spread. 

It is also expected that the processing according to the 
invention will cause the surface layer of the material to 
be different than is the case with conventional rolling of 
the material. Ordinary rolling results in the formation of 
a layer comprising very fine-grained material. This layer 
is much thinner in the processing according to the 
invention. The expectation is that this will improve the 
corrosion resistance of the material. This may be favorable 
for the use of continuously cast aluminum plates and strip 
material for applications other than the current ones. 

The thickness of the slab or strip is preferably reduced by 
at most 8% for each pass, and preferably by at most 5%. 
Since the shearing and therefore the grain refinement are 
brought about by the difference in peripheral velocity 
between the rolls, the reduction in thickness of the 
material is not necessary in order to obtain grain 
refinement. The reduction in thickness is required 
primarily in order to enable the rolls to grip the 
material. This only requires a slight change in thickness, 
which is advantageous in the case of thin continuously cast 
alumin\im slabs and strip material. The smaller the 
reduction, the thicker the slab or strip remains after each 
pass. The possible applications of continuously cast 
aluminum slabs and strip material increase as a result. 
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The difference in peripheral velocity is preferably at 
least 20%, more preferably at least 50%. As the difference 
in peripheral velocity of the rolls is larger, the shearing 
will be higher. As a result, the grain refinement becomes 
5 stronger and the mechanical properties increase. 

According to an advantageous embodiment, the rolling mill 
is designed in such a manner that the rolls have different 
diameters. This makes it possible to obtain the desired 
10 difference in peripheral velocity. 

According to another advantageous embodiment, the rolls 
have a different rotational speed. This too makes it 
possible to obtain the desired difference in rotational 
15 speed. 

It is also possible for these latter two measures to be 
combined in order to obtain the desired difference in 
rotational speed. 

20 

The rolling is preferably carried out at an elevated 
temperature. This makes the rolling run more smoothly. The 
rolling is preferably carried out at a temperature between 
300 and 550°C, since in this temperature range good 
25 deformation on the continuously cast aluminum slabs and 
strip is possible. More preferably, the rolling is carried 
out at a temperature between 425 and 475^C. The deformation 
of aluminum is easiest at approximately 450°C. 

30 According to an advantageous embodiment of the method, the 
slab is introduced between the rolls at an angle of between 
5 and 45° with respect to the perpendicular to the plane 
through the center axes of the rolls. Introducing the slab 
between the rolls at an angle makes it easier for the rolls 

35 to grip the slab, with the result that the change in 
thickness can be kept as low as possible. The slab is 
preferably fed in at an angle of between 15 and 25°, since 
the grip of the rolls is best in that case. 
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The starting point is preferably a slab or strip with a 
thickness of at most 70 ram, more preferably at most 25 mm. 
Standard rolling involves rolling to a thickness of 
approximately one millimeter or thinner in order to obtain 
5 better mechanical properties. With the aid of the method 
according to the invention, better mechanical properties 
can be imparted to the slab or strip, with the result that 
thinner material can be used for same application. Since 
the method according to the invention can be used to impart 
10 better properties to the relatively thin continuously cast 
metal, it is to be expected that thicker continuously cast 
plate and strip material, now with better mechanical 
properties, will also find industrial applications. 

15 For this purpose, after the rolling has been carried out 
for the first time, the processing operating is preferably 
repeated one or more times. For example, sufficiently good 
grain refinement is obtained by carrying out the processing 
operating according to the invention three times. However, 

20 the number of times that the processing operation has to be 
carried out depends on the thickness of the continuously 
cast material, the difference in peripheral velocity of the 
rolls and the desired grain refinement. 

25 By carrying out the processing operation according to the 
invention a large nximber of times and subjecting the 
material to an annealing treatment in between these 
operations if necessary, it is possible to obtain an 
ultrafine grain structure. The processing operation can be 

30 repeated sufficiently often for the material to become 
superplastic. Superplastic material has extremely small 
grains and as a result xinder certain conditions can stretch 
almost infinitely without cracking. This is a highly 
advantageous property for the deformation of metal, for 

35 example deep-drawing of a blank. Obviously, when the 
processing operation according to the invention is repeated 
a number of times, the material does become thinner, and it 
is therefore desirable to start from a continuously cast 
metal, such as alxominum, with the maximxam possible 
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thickness . 

If the processing operation according to the invention is 
repeated a number of times, according to an advantageous 
embodiment the slab, plate or strip can be passed through 
the rolling mill stand in opposite directions for each 
pass. The slab, plate or strip then changes direction after 
each rolling operation and is always passed through the 
same rolling mill stand. In this case, the rolls have to 
rotate in opposite directions for each pass. 

According to another advantageous embodiment, the slab, 
plate or strip is successively passed through two or more 
rolling mill stands. This method is suitable primarily for 
strip material, which in this way can vindergo the desired 
processing operation very quickly. 

It is possible for the method according to the invention to 
be preceded or followed by a rolling operation which is 
carried out using a rolling mill in which the rolls have 
substantially identical peripheral velocities. In this way, 
by way of example, an accurately desired thickness or 
smoothness can be imparted to the product. 

According to an advantageous embodiment, the metal slab is 
formed by two or more layers of metal, preferably two or 
more layers consisting of different alloys of a metal or 
different metals. In this way it is possible, for example, 
to produce laminated material, such as what is known as 
clad material for, for example, aluminum brazing sheet. 

Another aspect of the invention provides a metal plate or 
strip produced using the above method, in which the metal 
is alximinum, steel, stainless steel, copper, magnesiiim or 
titanium or an alloy of one of these metals. These metals 
and their alloys are particularly suitable for production 
with the aid of the method according to the invention, 
since they are metals which are in widespread use in 
industry and for which it is very desirable to obtain 
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better mechanical properties if they are produced by 
continuous casting. 

A continuously cast metal plate preferably has a thickness 
5 of between 5 and 60 mm, more preferably between 5 and 20 
mm. This thickness is obviously dependent on the thickness 
with which the metal can be continuously cast. Therefore, 
the processing operation according to the invention makes 
it possible to produce relatively thick plates with good 
10 mechanical properties even from relatively thin 
continuously cast material. 

The plate preferably consists of an al\amin\mi alloy from the 
AA Ixxx or the AA 3xxx series, preferably AA 1050 or 
15 1200, or AA 3103. 

A continuously cast metal strip preferably has a thickness 
of at most 7 mm, more preferably at most 2 mm. By means of 
the processing operation according to the invention, it is 
20 possible to obtain relatively thick strip material with 
good mechanical properties, although it is also possible, 
of course, to provide the strip with a standard thickness 
or even to make it thinner, since the mechanical properties 
are improved. 

25 

The metal strip is, for example, a strip consisting of an 
al\iminum alloy from the AA 5xxx series, preferably AA 5182. 
This material can be used as auto body sheet as a result of 
the processing operation according to the invention. 

30 

The invention also relates to an iinproved metal plate or 
strip which has been produced by continuous casting, 
preferably with the aid of the method according to the 
first aspect of the invention, in which the pores in the 
35 core of the plate or strip have a maximxam dimension of less 
than 20 nm, preferably less than 10 ptm. As a result of the 
continuous casting, continuously cast plate and strip 
material always has pores which are significantly larger 
than 20 jun. The standard rolling operations can only close 
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up these pores in the core to a slight extent or cannot do 
so at all. The rolling operation according to the invention 
makes it possible to provide continuously cast plate and 
strip material having pores which are much smaller. 

5 

The invention also relates to an improved metal plate or 
strip which is produced by continuous casting, preferably 
with the aid of the method according to the first aspect of 
the invention, in which the unrecrystallized metal plate or 

10 strip, in the core of the plate or billet, has a deformed 
grain structure, the grain having a mean length which is 2 
to 20 times greater than their thickness, preferably a 
length which is 5 to 20 times greater than their thickness. 
Since with conventional rolling continuously cast metal is 

15 only subject to slight deformation in the core, the metal 
grains in the core are scarcely deformed. The rolling 
treatment according to the invention makes it possible to 
provide continuously cast plate and strip material with 
highly deformed grains. As a result, a very fine grain 

20 structure will be formed during recrystallization. 

The invention also relates to an improved metal plate or 
strip which is produced by continuous casting, preferably 
with the aid of the method according to the first aspect of 

25 the invention, in which the metal plate or strip, after 
recrystallization, has a substantially homogenous degree of 
recrystallization over its entire thickness. The fact that 
the grains have all been subjected to shearing as a result 
of the rolling operation according to the invention, 

30 including those in the core, means that the continuously 
cast plate and strip material will recrystallize over the 
entire thickness. 

The metal plate or strip with this size of pores, deformed 
35 grain structure or this level of recrystallization is 
preferably made from aluminum, steel, stainless steel, 
copper, magnesium or titanium or an alloy thereof, since 
these metals are readily capable of industrial application. 
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CLAIMS 

1. A method for processing a continuously cast slab or 
strip, in which the slab or strip is passed between a set 

5 of rotating rolls of a rolling mill stand in order to roll 
the slab or strip, characterized in that the rolls of the 
rolling mill stand have different peripheral velocities, 
and the difference in peripheral velocity is at least 5% 
and at most 100%, and in that the thickness of the slab or 
10 strip is reduced by at most 15% for each pass. 

2. The method as claimed in claim 1, in which the 
thickness of the slab or strip is reduced by at most 8% 
each pass, and preferably at most 5%. 

15 

3. The method as claimed in claim 1 or 2, in which the 
difference in peripheral velocity is at least 20% and 
preferably at least 50%. 

20 4. The method as claimed in one of the preceding claims, 
in which the rolling mill is designed in such a manner that 
the rolls have different diameters. 

5. The method as claimed in one of the preceding claims, 
25 in which the rolls have different rotational speeds. 

6. The method as claimed in one of the preceding claims, 
in which the rolling is carried out at an elevated 
temperature, for aluminum preferably at a ternperature 

30 between 300 and 550°C, and more preferably at a teitrperature 
between 425 and 475^0. 

7. The method as claimed in one of the preceding claims, 
in which the slab is introduced between the rolls at an 

35 angle of between 5 and 45° with respect to the 
perpendicular to the plane through the center axes of the 
rolls, preferably at an angle between between 15 and 25°. 

8. The method as claimed in one of the preceding claims. 
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in which the starting point is a slab or strip with a 
thickness of at most 70 mm, preferably at most 25 mm. 

9. The method as claimed in one of the preceding claims, 
5 in which the processing operation is repeated one or more 

times after the rolling has been carried out for the first 
time. 

10. The method as claimed in claim 9, in which the slab, 
10 plate or strip is passed through the rolling mill stand in 

opposite directions for each pass. 

11. The method as claimed in claim 9, in which the slab, 
plate or strip is successively passed through two or more 

15 rolling mill stands. 

12. The method as claimed in one of the preceding claims, 
in which the processing operation as described in one of 
claims 1 - 11 is preceded or followed by a rolling 

20 operation which is carried out using a rolling mill in 
which the rolls have substantially identical peripheral 
velocities . 

13. Method according to one of the preceding claims, in 
25 which the metal slab is formed by two or more layers of 

metal, preferably two or more layers consisting of 
different alloys of a metal or different metals. 

14. Metal plate or strip produced using the method as 
30 claimed in one of claims 1-13, in which the metal is 

aluminum, steel, stainless steel, copper, magnesiiom or 
titanium or an alloy thereof. 

15. The metal plate as claimed in claim 14, which has a 
35 thickness of between 5 an 60 mm, preferably between 

5 and 20 mm. 

16. The metal plate as claimed in claim 15, which plate 
consists of an aluminum alloy from the AA Ixxx or AA 3xxx 
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series, preferably AA 1050 or AA 1200, or AA 3103. 

17. The metal strip as claimed in claim 14, which has a 
thickness of at most 7 mm, preferably at most 2 mm. 

5 

18. The metal strip as claimed in claim 17, which consists 
of an alxaminxam alloy from the AA 5xxx series, preferably AA 
5182. 

10 19. The use of aliominian strip as claimed in claim 18 in a 
vehicle, for example as a structural part in the interior 
of the vehicle. 

20. A metal plate or strip produced by continuous casting, 
15 preferably with the aid of the method as claimed in one of 
claims 1-13, in which the pores in the core of the plate 
or strip have a maximum dimension of less than 20 nm, 
preferable less than 10 lua. 

20 21. A metal plate or strip produced by continuous casting, 
preferably with the aid of the method as claimed in one of 
claims 1-13, in which the unrecrystallized metal plate or 
strip, in the core of the plate or billet, has a deformed 
grain structure, the grain having a mean length which is 2 

25 to 20 times greater than their thickness, preferably a 
length which is 5 to 20 times greater than their thickness. 

22. A metal plate or strip produced by continuous casting, 
preferably with the aid of the method as claimed in one of 

30 claims 1-13, in which the metal plate or strip, after 
recrystallization, has a substantially homogenous degree of 
recrystallization over its entire thickness. 

23. The metal plate or strip as claimed in claim 20, 21 or 
35 22, in which the metal is aluminum, steel, stainless steel, 

copper, magnesium or titani\uti or an alloy thereof. 
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